We present the full quantum mechanical expressions for the polarization differential cross sections of the photofragments produced in slow predissociation of a parent molecule via isolated rotational branches. Both radial and Coriolis nonadiabatic interactions between the molecular potential energy surfaces have been taken into account. The expressions describe the recoil angle distribution of the photofragments and the distributions of the photofragment angular momentum polarization ͑orientation and alignment͒ in terms of the anisotropy parameters of the ranks K =0,1,2. The explicit expressions for the anisotropy parameters are presented and analyzed which contain contributions from different possible photolysis mechanisms including incoherent, or coherent optical excitation of the parent molecule followed by the radial, or Coriolis nonadiabatic transitions to the dissociative states. The obtained expression for the zeroth-rank anisotropy parameter ␤ is valid for any molecule and for an arbitrary value of the molecular total angular momentum J. The expressions for the orientation ͑K =1͒ and alignment ͑K =2͒ anisotropy parameters are given in the high-J limit in terms of the generalized dynamical functions which were analyzed for the case of photolysis of linear/diatomic molecules. As shown, the Coriolis nonadiabatic interaction results in several new photolysis mechanisms which can play an important role in the predissociation dynamics.
I. INTRODUCTION
Recently we have developed full quantum mechanical expressions describing the recoil angle dependence of the spin and orbital orientation and alignment of the fragments produced in one-photon molecular photodissociation beyond the axial recoil approximation. [1] [2] [3] The parent molecules were assumed to be isotropically distributed in space. An important result of this theory is that within the firstorder time-dependent perturbation theory the recoil angle dependence of the angular momentum polarization of the photofragments with the angular momentum j A can be presented in the same universal form for any photodissociation process in a diatomic or polyatomic molecule. The expressions can be written in terms of the anisotropy parameters ␤, ␣ K , s K , ␥ K , ␥ K Ј , and K of the ranks K =0, ... ,2j A or, alternatively, in The particular expressions for the anisotropy parameters/ anisotropy transforming coefficients indeed depend on the photodissociation mechanism ͑direct dissociation, predissociation, etc.͒ and on the symmetry of the parent molecules ͑linear, bent, etc.͒. In case of direct photodissociation of linear/diatomic molecules, the theory provides analytical quasiclassical expressions for the anisotropy parameters. 1 In case of slow predissociation, the theory provides full quantum mechanical expressions for the anisotropy parameters in the high-J limit. 2 Two groups of nonadiabatic interactions between different reactive potential energy surfaces ͑PESs͒ can be important in the predissociation of a linear molecule: the homogeneous ͑radial͒ interaction and the inhomogeneous ͑Coriolis͒ interaction. 4, 5 The former interaction preserves the quantum number ⍀, the projection of the molecular total angular momentum J onto the internuclear axis, while the latter interaction changes the projection ⍀. The spin-orbit interaction preserves the projection ⍀ and, therefore, belongs to the former group. Slow predissociation when the molecule lives much longer than the rotational period has been discussed in our previous paper 2 where we assumed that only the radial nonadiabatic interactions occur. Slow predissociation in the presence of the Coriolis interactions has been discussed in our paper 3 for the case of the broadband excitation of the P, Q, and R rotational branches; however, the more usual ͑and likely more useful for experimentalist͒ case when the different rotational branches are resolved has been dropped out in that study.
The main aim of the present paper is to derive and discuss the recoil angle dependence of the angular momentum polarization of the fragments produced in slow predissociation mediated by the radial and Coriolis nonadiabatic interactions under the condition when all individual molecular J states are resolved. The derivation has been carried out in the line of our previous papers [1] [2] [3] where the adiabatic basis set of the diatomic molecule wave functions was used.
General expressions for the angular momentum distribution of photofragment state multipole moments ͑polarization differential cross sections͒ produced in molecular photodissociation are presented in Sec. II in the case of arbitrary J values and in the case of the high-J limit.
These expressions were transformed to the case of slow predissociation and then analyzed in detail in Sec. III for several most important values of the polarization cross section rank K = 0, 1, and 2. The angular distribution of the molecular photofragments ͑K =0͒ for arbitrary values of the total angular momentum J is considered in Sec. III A. The angular momentum distributions of the photofragment state multipoles of the ranks K =1 ͑orientation͒ and K =2 ͑align-ment͒ are derived and analyzed in detail in the high-J limit in Secs. III B and III C, respectively. The obtained expressions for the corresponding anisotropy parameters contain the contributions from all possible photolysis mechanisms.
II. GENERAL EXPRESSION FOR THE PHOTOFRAGMENT ANGULAR MOMENTUM DISTRIBUTION IN MOLECULAR PREDISSOCIATION
The general expression for the recoil angle distribution of the angular momentum polarization of the photofragments produced in molecular photodissociation has been derived by Kuznetsov and Vasyutinskii 1 and by Shternin and Vasyutinskii 3 from the scattering wave function formalism using the parity unadapted and parity adapted representations of the total molecular wave function, respectively. As shown in Ref. 3 ͑see also discussion in Ref. 2͒, these two distributions are equivalent to each other because the expansion of the total excited state scattering function can be done using any appropriate orthogonal set of the wave functions which depends on the recoil direction k , incoming vector R / R, and all electronic coordinates of the molecule. Therefore, the choice of a particular orthogonal set is mostly determined by the convenience of its practical use.
The general expression for the recoil angle distribution of the photofragment angular momenta polarization in molecular photodissociation can be presented in the form of expansion over the product of the two D-functions:
where in Eq. ͑1͒ are scalar values which contain all information about the photodissociation dynamics and can be either determined from experiment or calculated from theory:
alignment of the photofragments averaged over all recoil directions, 9,10 the coefficients c k d q k K are in general complex and obey the symmetry relation
The values J i and J in Eq. ͑2͒ are the initial ͑ground state͒ and the final ͑excited state͒ total molecular angular momenta, respectively. The term
is a ClebschGordan coefficient, and the term in the curly brackets is a 6j symbol. 6 The term W͑v i , J i ͒ describes the population of the rovibrational energy levels of the parent molecules.
The helicity quantum number ⍀ i in Eqs. ͑2͒ and ͑3͒ is a body-frame projection of the angular momentum J i onto the internuclear axis. The helicity quantum numbers ⍀ R and ⍀ k are body-frame projections of the excited state angular momentum J onto the internuclear axis R and the recoil direction k , respectively. The angular momenta j A and j B are the electronic angular momenta of the fragments A and B, respectively, and ⍀ A and ⍀ B are the corresponding projections onto the recoil direction. Due to the cylindrical symmetry of the molecule in the long range
The terms in the last line of Eq. ͑2͒ are transition dipole moments written in the molecular frame. They obey the following selection rule: 
͑5͒
The index q k in Eq. ͑2͒ is the coherent quantum number which is equal to the projection of the photon rank k d and of the photofragment rank K onto the recoil direction k . As recently shown by Shternin and Vasyutinskii, 3 the quantum number q k is preserved in any photolysis reaction irrespectively of the photolysis mechanism. The physical meaning of this statement can be clarified by presenting the photon polarization matrix in the recoil frame:
where 1 and 2 are the projections of the photon angular momentum ͑photon helicities͒ onto the recoil direction k . According to the symmetry of the Clebsch-Gordan coefficient in Eq. ͑6͒, the index q k = 1 − 2 can take the values q k =0, Ϯ 1, Ϯ 2 and describes the coherence introduced by the incident photon to the molecular excited states. From the other side, the symmetry of the Clebsch--Gordan coefficient
where the angular momentum helicities ⍀ k and ⍀ k Ј are also defined in the recoil frame. Therefore, the coherence introduced by the absorbed photon to the molecule is preserved during the photolysis and transferred to the residual coherence in the photofragment quantum states. Equation ͑2͒ takes into account both radial and Coriolis nonadiabatic interactions resulting in the transitions between the excited state PESs. The radial nonadiabatic transitions obey the selection rule ⍀ k = ⍀ R , while the Coriolis nonadiabatic transitions obey the selection rule ⍀ k = ⍀ R Ϯ 1. 4 The kinematic ͑recoil-angle-dependent͒ part of the photofragment polarization cross section in Eq. ͑1͒ has a universal form which can be used for description of any photolysis reaction of a diatomic or polyatomic molecule and is valid for any integer or half-integer J values. 3 The anisotropy transforming coefficients c k d q k K are presented in Eq. ͑2͒ in the form of expansion over the diatomic-like molecular wave functions. Therefore, they can be directly used for analysis of this type of molecules.
The case of slow predissociation when the molecule lives much longer than the rotational period can be readily obtained from the general expression for the anisotropy transforming coefficients in Eq. ͑2͒ by holding the condition J = JЈ because in this case the rotational level J, JЈ coherence can be neglected. 2 An equivalent angle recoil distribution is also given in Ref. 2.
The terms with ⍀ R = ⍀ R Ј in Eq. ͑2͒ describe incoherent optical excitation, while the terms with ⍀ R ⍀ R Ј describe coherent optical excitation from a single initial electronic state ͉⍀ i ͘. In the case of slow predissociation when an isolated rotational J state is optically excited, the latter terms describe excitation of a single J state which belongs either to two coherently excited electronic states or to a single double degenerate electronic state via the transitions 1 
͒. In the high-J limit, ͑J i , J ӷ 1͒, Eq. ͑2͒ can be simplified using the asymptotic expressions for the Clebsch-Gordan coefficients and 6j symbols:
where d Q Ј 0 A ͑ / 2͒ is the Wigner d-function 6 and k = J − J i . The normalization coefficient N can be expressed in the high-J limit as:
͑8͒
According to the symmetry of the Clebsch-Gordan coefficient in Eq. ͑7͒, the index QЈ is equal to QЈ = q − qЈ. The term f K ͑q , qЈ , q , qЈ͒ in Eq. ͑7͒ is the generalized predissocia-tion dynamical function which involves the terms describing both the radial and the Coriolis nonadiabatic interactions. It can be written as 1, 3 f K ͑q,qЈ,q,qЈ͒
where the term in the parentheses is a 3j symbol.
The indices q and qЈ in Eq. ͑9͒ are defined as q = ⍀ k
In the first order by the Coriolis interaction these indices are limited to the values q, qЈ =0, Ϯ 1, Ϯ 2. If only the radial nonadiabatic interactions are
The dynamical functions f K ͑q , qЈ , q , qЈ͒ obey the following symmetry rules:
Instead of the polarization cross section KQ ͑j A ͒ ͑ , ͒ in Eq. ͑1͒ it is convenient to use the atomic state multipole moments KQ ͑j A ͒ ͑ , ͒ defined as
Later we will skip the upper index ͑j A ͒ in Eq. ͑11͒ for brevity. In the next section Eqs. ͑1͒, ͑2͒, and ͑7͒ will be used for the analysis of several important particular cases of the recoil distribution of the fragment state multipole moments of the ranks K = 0, 1, and 2.
III. ANALYSIS OF THE RANK K =0,1,2 ANGULAR MOMENTUM DISTRIBUTIONS

A. K =0
If the photofragment rank K is equal to zero, Eq. ͑1͒ describes the differential cross section for the photofragments A flying apart in the direction specified by the polar angles , . The corresponding angular distribution is well known. In particular, if the photolysis light is linearly polarized, the differential cross section can be written as
where ⌰ is the angle between the light polarization vector e and the recoil vector k .
Assuming that the photolysis proceeds via a single dissociative state ͉⍀ k ͘ and using Eqs. ͑2͒ and ͑3͒, the anisotropy parameter ␤ in Eq. ͑12͒ can be presented in the following compact form:
which is valid for any integer or half-integer values of the angular momenta J i and J. The parameter ␤ in Eq. ͑13͒ depends on the total angular momenta J i , J and on the projection ⍀ k of J onto the direction of the recoil vector k but not on the other helicity projections ⍀ i and ⍀ R . Note that the projection ⍀ k is always a good quantum number in the asymptotic R → ϱ region and the quantum numbers J and J i are in general preserved for any molecule. Therefore, Eq. ͑13͒ is valid for slow predissociation of any diatomic or polyatomic molecule and for any type of nonadiabatic interaction ͑radial, Coriolis͒ involved in the reaction.
For Q, P, and R rotational branches the parameter ␤ in Eq. ͑13͒ can be written using the algebraic expressions for the Clebsch-Gordan coefficients and 6j symbols
͑16͒
Equations ͑13͒-͑15͒ generalize previous results reported by Zare, 12 Liyanage and Gordon, 13 and Kuznetsov and Vasyutinskii 2 to the case when the Coriolis interactions can be important. In the absence of the Coriolis interactions, the quantum number ⍀ k in Eqs. ͑13͒-͑16͒ is equal to the quantum number ⍀ R , which is the projection of the total angular momentum J onto the internuclear distance in the predissociative state, see Fig. 1 . In this case, Eqs. ͑14͒-͑16͒ are
As follows from Eqs. ͑13͒-͑16͒, in the high-J limit the parameter ␤ does not depend on the quantum numbers J j , J, and ⍀ k and has the following asymptotic values: ␤͑Q͒ = −1, ␤͑P͒ = ␤͑R͒ =1/ 2, in agreement with all previous results.
2,12,13
B. K =1
If the photofragment rank K is equal to unity, the state multipole moments in Eqs. ͑1͒ and ͑7͒ describe the recoil angle distribution of the Q =0, Ϯ 1 components of the fragment orientation 7, 8 in the high-J limit. As known, 9,10 in case of direct photodissociation the photofragment orientation can in general be produced by three independent photolysis mechanisms labeled by the anisotropy parameters ␣ 1 , ␥ 1 , and ␥ 1 Ј. When the Coriolis interaction is not included, ⍀ R = ⍀ k ͑see Fig. 1͒ and these mechanisms can be characterized by various incoherent/coherent optical excitations of the predissociative states ⍀ R , ⍀ R Ј in the parent molecule.
When the Coriolis interaction is included, the three possible photolysis mechanisms still can be labeled by the anisotropy parameters ␣ 1 , ␥ 1 , and ␥ 1 Ј; however, in this case they cannot be classified in accordance with their "parallel" or "perpendicular" optical excitation character. Instead, they are classified in accordance with the rank of the light polarization matrix k d and the coherent quantum number q k = ⍀ k − ⍀ k Ј which describes the coherent superposition of the dissociative states ⍀ k , ⍀ k Ј, q k = Ϯ 1. The expressions for each of the three anisotropy parameters in general contain several reaction channels characterized by the radial or Coriolis nonadiabatic interactions and coherent/incoherent optical excitation mechanisms in the parent molecule. 3 We now analyze the excitation of the P, R, and Q isolated rotational branches on the basis of Eqs. ͑7͒ and ͑9͒. The first important result of the analysis is that in case of slow predissociation only the mechanism related to the anisotropy parameter ␥ 1 can produce the photofragment orientation. This predissociation mechanism can be initiated only by the circularly polarized photolysis light. 9 If the photolysis light is circularly polarized and propagates along the laboratory frame Z axis ͑geometry III 9 ͒, the angle recoil distributions of the state multipole moments 10 are given by 10 
where = Ϯ 1 for the right and the left circularly polarized light, respectively.
Using Eq. ͑7͒ and Table III 
and ͑18͒ can be presented in terms of the generalized dynamical functions as
where
The predissociation dynamical functions of rank K =1 f 1 ͑q , qЈ , q , qЈ͒ in Eqs. ͑22͒ and ͑23͒ are defined in Eq. ͑9͒. The normalization factors N R , N P in Eqs. ͑20͒ and ͑21͒ are given by 
͑27͒
The normalization factor N Q which will be used in section C is given by
Equations ͑17͒-͑27͒ describe the photofragment state multipole 10 distributions in slow predissociation of isolated rotational states taking into account the nonadiabatic radial and Coriolis interactions. Each generalized dynamical function in Eqs. ͑22͒, ͑23͒, ͑26͒, and ͑27͒ gives contribution from a certain photolysis mechanism resulting in the photofragment orientation, see Tables I and II . Only the dynamical functions f 1 ͑1,0,1,0͒, f 0 ͑1,1,1,1͒, f 0 ͑0,0,0,0͒ in Eqs. ͑23͒ and ͑26͒ correspond to the cases of pure radial nonadiabatic interactions or no nonadiabatic interactions at all. In particular, the rank K = 1 dynamical function f 1 ͑1,0,1,0͒ = f 1 ͑1,0͒ describes coherent optical excitation of a parallel and a perpendicular transition followed by the radial nonadiabatic transition. The rank K = 0 dynamical functions f 0 ͑1,1,1,1͒ = f 0 ͑1,1͒, f 0 ͑0,0,0,0͒ = f 0 ͑0,0͒ describe incoherent parallel and perpendicular optical excitations followed by the radial nonadiabatic transition. In case if the Coriolis interactions are not important Eqs. ͑22͒, ͑23͒, ͑26͒, and ͑27͒ are equivalent to the expressions reported elsewhere, 2 where the parameter ␥ 1 is equal to the parameter ␥ 1 in Eqs. ͑17͒ and ͑18͒.
All other generalized dynamical functions in Eqs. ͑22͒, ͑23͒, ͑26͒, and ͑27͒ describe the photodissociation mechanisms involving the Coriolis interactions. The physical meanings of the possible photolysis mechanisms are illustrated in Tables I and II As can be shown by comparing Eqs. ͑17͒ and ͑18͒ with the results reported elsewhere, 2,3,9 the angular distributions of the photofragment orientation are the same for any photodissociation mechanism. However, the particular anisotropy parameter expressions depend on the photodissociation mechanism.
As shown in Ref. 2 for the slow predissociation via a single excited state ͉n R , ⍀ R ͘ mediated by the radial nonadiabatic transition, the orientation dynamical function f 1 ͑1,0͒ can differ from zero for a diatomic molecule only in the case of ͉⍀ i ͉ =1/ 2 → ͉⍀ R ͉ =1/ 2 transition and if at least one of the states involved is a mixture of the 2 ⌺ 1/2 and 2 ⌸ 1/2 states. As can be seen from Eqs. ͑22͒ and ͑23͒, when the Coriolis transitions are involved to the photolysis, the above restrictions are not valid. In particular, the generalized dynamical functions f 1 ͑0,0,0,1͒, f 1 ͑1,1,1,2͒, and f 1 ͑1,1,0,1͒ in Eq. ͑22͒ describe the photolysis schemes 1 
⌸͒, respectively, which all begin from incoherent optical excitation of the ground 1 ⌺ state to a single predissociative state continued by a radial and a Coriolis nonadiabatic transition to the coherent ͉⌬⍀ k ͉ = 1 superposition of the dissociative states. Another photolysis scheme is described by the dynamical function f 1 ͑1,−1,0,−1͒ in Eq. ͑22͒:
⌸͒. This scheme begins from coherent ͉⌬⍀͉ = 2 optical excitation of the ground 1 ⌺ state to the predissociative 1 ⌸ state and is continued by a Coriolis and a radial nonadiabatic transition to the coherent ͉⌬⍀ k ͉ = 1 superposition of the dissociative states. Therefore, when the Coriolis interaction is not small, the state multipole moments 10 for the R, P rotational branches can differ from zero also for the 1 ⌺ ground state. In the case of the broadband optical excitation of the P, Q, and R rotational branches, the summation over all rotational branches in Eq. ͑7͒ should be proceeded. The obtained expressions for the anisotropy coefficients agree with the results reported elsewhere. 
C. K =2
If the photofragment rank K is equal to 2, the state multipole moments in Eqs. ͑1͒ and ͑7͒ describe the recoil angle distribution of the Q =0, Ϯ 1, Ϯ 2 components of the fragment alignment 7, 8 in the high-J limit. As known, 9,10 in case of direct photodissociation the photofragment alignment can in general be produced by five independent photolysis mechanisms labeled by the anisotropy parameters ␣ 2 , s 2 , ␥ 2 , ␥ 2 Ј, and 2 . When the Coriolis interaction is not included, the parameters ␣ 2 and s 2 are responsible for the incoherent optical excitation of the predissociative states ⍀ R via the parallel and perpendicular transitions, the parameters ␥ 2 and ␥ 2 Ј are responsible for the ⌬⍀ R = Ϯ 1 coherent optical excitation of a parallel and a perpendicular transition, and the parameter 2 is responsible for the ⌬⍀ R = Ϯ 2 coherent optical excitation of two perpendicular transitions.
When the Coriolis interaction is included, the possible photolysis mechanisms can in general be labeled by the anisotropy parameters ␣ 2 , s 2 , ␥ 2 , ␥ 2 Ј, and 2 ; however, as discussed above in this case they can be classified in accordance with the rank of the light polarization matrix k d and the coherent quantum number q k = ⍀ k − ⍀ k Ј. In particular, the parameter ␣ 2 is related to k d =2, q k = 0, the parameter s 2 is related to k d =0, q k = 0, the parameter ␥ 2 is related to k d =2, q k = Ϯ 1, the parameter ␥ 2 Ј is related to k d =1, q k = Ϯ 1, and the parameter 2 is related to k d =2, q k = Ϯ 2, see Table III in Ref. 3 . The expressions for each of the five anisotropy parameters in general contain several reaction channels characterized by the radial and/or Coriolis nonadiabatic interactions and coherent/incoherent optical excitation mechanisms in the parent molecule.
Using Eqs. ͑1͒ and ͑7͒ with K = 2, the expressions for the photofragment state multipole moments 20 , 22 produced via excitation of the isolated rotational branches for three basic experimental geometries 9 can be presented in the following forms:
axis of the laboratory frame.
Q branch ͑J = J i ͒:
͑32͒
Geometry II: photolysis light is linearly polarized along the Y axis of the laboratory frame. Q branch ͑J = J i ͒: 
͑36͒
Geometry III: photolysis light is circularly polarized and propagates along the Z axis of the laboratory frame. Q branch ͑J = J i ͒:
The expressions for the rotational P branch ͑J = J i −1͒ can be readily obtained from R-branch expressions in Eqs. ͑31͒, ͑32͒, ͑35͒, ͑36͒, ͑39͒, and ͑40͒ by replacing s 2 ͑R͒ → s 2 ͑P͒, 2 ͑R͒ → 2 ͑P͒, and ␥ 2 Ј͑R͒ → ␥ 2 Ј͑P͒ given in Eqs.
͑42͒, ͑43͒, ͑47͒, ͑48͒, ͑51͒, and ͑52͒.
The anisotropy parameters s 2 , 2 , ␥ 2 Ј in Eqs. ͑29͒-͑40͒
can be defined as
The dynamical functions f 2 ͑q , qЈ , q , qЈ͒ in Eqs. ͑41͒, ͑44͒-͑46͒, ͑49͒, ͑50͒, ͑53͒, and ͑54͒ are defined in Eq. ͑9͒ and the normalization factors N Q , N R , and N P are given in Eqs. ͑28͒, ͑24͒, and ͑25͒, respectively. The factor V 2 ͑j A ͒ is given by
In the absence of the Coriolis interactions, the param- 
Equations ͑29͒-͑54͒ describe the laboratory frame multipole moments 20 , 22 in the slow predissociation of a single rotational state where both radial and Coriolis nonadiabatic interactions are taken into account. As can be seen from Eqs. ͑29͒-͑40͒, in the case of slow predissociation the total number of the anisotropy parameters needed for description of the photofragment alignment is reduced to 3.
The multipole moment recoil angle distributions in the case of slow predissociation in Eqs. ͑29͒-͑40͒ can be formally obtained from those in the case of direct photodissociation tabulated by Wouters et al. 9 by holding the parameter ␥ 2 equal to zero and by assigning the relationship 2␣ 2 = s 2 if the Q rotational branch is excited and 4␣ 2 =−s 2 if R or P rotational branch is excited. However, the expressions for the anisotropy parameters in terms of the dynamical functions in these two cases are different.
Only the dynamical functions
, and f 2 ͑1,0,1,0͒ = f 2 ͑1,0͒ in Eqs. ͑41͒-͑54͒ describe the radial nonadiabatic interactions. All other dynamical functions contain contributions from the Coriolis interactions. Each generalized dynamical function in Eqs. ͑41͒-͑54͒ is related to a certain photolysis mechanism resulting in the photofragment alignment; the examples are given in Table III. As can be seen from Eqs. ͑42͒-͑45͒ and ͑47͒-͑54͒, in the absence of the Coriolis interactions the alignment parameters s 2 ͑R͒ and s 2 ͑P͒, 2 ͑R͒ and 2 ͑P͒, ␥ 2 Ј͑R͒ and ␥ 2 Ј͑P͒ which are referred to the R and P rotational branches have the same values in pairs. However, if the Coriolis interaction is included, these parameters may differ from each other.
The multipole moments defined above refer to the laboratory frame. The transformation to the frequently used molecular frame multipole moments 2q k mol which are defined with respect to the photofragment recoil vector k can be obtained using the transformation
͑56͒
where the projection
differs from the conventional irreducible tensor transformation under rotation of the coordinate frame 6 by an additional factor ͑2j A +1͒ 1/2 00 ͑ , ͒ in the right hand side. The factor appears because the laboratory frame multipole moment 2Q ͑ , ͒ in the left hand side of Eq. ͑56͒ is normalized to the total number of the photofragments integrated over all recoil angles, while the molecular frame multipole moment 2q k mol in the right hand side of Eq. ͑56͒ is normalized to the number of the photofragments moving in the direction k ͑ , ͒. 
The molecular frame multipole moment 20 mol refers to the diagonal matrix elements of the photofragment density matrix ⍀ A ⍀ A and the multipole moment 22 mol = 2−2 mol refers to the off-diagonal matrix elements of the photofragment density As shown in Eqs. ͑57͒-͑60͒, the multipole moments 20 mol for all P, Q, and R rotational branches and the multipole moment 22 mol for the Q rotational branch in the high-J limit do not depend on the angle between the light polarization e and the recoil direction k . However, the multipole moment 22 mol for the P and R rotational branches does depend on the angle .
For the moment, only a few experimental works have been carried out in the field of the photofragment alignment produced in slow predissociation of diatomic molecules. Katô and Onomichi 14 and Frohlich et al. 15 investigated the polarization of light emitted by photofragments produced in slow predissociation of Cs 2 and H 2 , respectively. In both studies the theoretical treatments based on the analysis of the alignment of the photofragment angular momenta averaged over all recoil directions.
Very recently Rose et al. 16 reported strong alignment of the S͑ 2 P 1,2 ͒ products in the predissociation of SH and SD radicals via the X 2 ⌸ → A 2 ⌺ optical transition along with a weak sensitivity of the fine-structure branching ratio to excess energy. Analyzing the experimental recoil angle distribution of the photofragments produced and detected by linearly polarized light, Rose et al. 16 neglected the effect of coherence between the ⍀ k states and determined the photofragment multipole moment 20 mol , see Eq. ͑57͒. They resumed that the experimental data do not fit the predictions of either
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The role of the Coriolis interaction J. Chem. Phys. 130, 134312 ͑2009͒ adiabatic or diabatic photodissociation, emphasizing the need for a fully quantum treatment. Note that Eqs. ͑9͒ and ͑41͒-͑43͒ for the anisotropy parameters in terms of the dynamical functions obtained in the high-J limit cannot be directly applied to the experimental data of Rose et al. 16 obtained for very low J values. However, the angular distributions of the multipole moments in Eqs. ͑29͒-͑40͒ hold in general and valid for any J value.
In the case of the broadband excitation of the Q, R, and P rotational branches the summation over all rotational quantum numbers J = J i , J i Ϯ 1 should be proceeded in Eq. ͑7͒. The resulting expressions for the photofragment state multipole moments coincide with the expressions reported elsewhere. 3 9 provide a theoretical link to the observations of the orbital polarization of products of predissociation and allow for determination of the anisotropy parameters of the ranks K =0,1,2 from experiment. As shown above, when the Coriolis interaction is included, the anisotropy parameters become linear combinations of numerous dynamical functions each describing a certain photolysis mechanism. Therefore, it seems unlikely that the dynamical functions can be determined experimentally within the frame of assumed experimental procedure of detection of polarization of one of the reaction product at the asymptotically large interfragment distance R. Possible ways of increasing the number of information obtained from experiment may be using the coincidence detection of polarization of both products and the femtosecond real-time detection technique.
It should be also noted that although the anisotropy parameters/anisotropy transforming coefficients can be defined at any value of the molecular total angular momentum J, the dynamical functions in Eq. ͑9͒ can be defined only in the high-J limit. Therefore, in case of small J values general expression for the anisotropy transforming coefficients ͑2͒ should be used which can unlikely provide a clear interpretation of different dissociation mechanisms contributing to each coefficient.
IV. CONCLUSION
Quantum mechanical expressions describing the recoil angle dependence of the photofragment state multipoles in the case of slow predissociation of isolated rotational states have been derived on the basis of the theory developed elsewhere 2, 3 where both radial and Coriolis nonadiabatic interactions between different PESs have been taken into account.
The state multipole moments with the ranks K =0, 1, and 2 describing the photofragment angular distribution and the photofragment angular momentum polarization ͑orientation and alignment͒ have been derived and analyzed in detail. As shown, the recoil-angle-dependent part of the state multipole moments in terms of the anisotropy parameters have the same universal form irrespective of the photolysis mechanism. The particular expressions for the anisotropy parameters of the ranks K =0,1,2 have been derived. As shown, the total number of the anisotropy parameters of the ranks K =0,1,2 which completely describe the predissociation dynamics is equal to 5. These are one zeroth-rank parameter ␤, one first-rank ͑orientation͒ parameter ␥ 1 , and three secondrank ͑alignment͒ parameters s 2 , ␥ 2 Ј, 2 . The expressions for the anisotropy parameters are presented in terms of the generalized dynamical functions f K ͑q , qЈ , q , qЈ͒ each containing contribution from a certain photolysis mechanism including incoherent/coherent optical excitation of the parent molecule followed by the radial and/or Coriolis nonadiabatic transition to the dissociative molecular state.
